Non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH) are national and global epidemics. The disease is characterized by a spectrum of liver steatosis (fat deposition), inflammation (in NASH) and fibrosis. NAFLD and specifically NASH can lead to cirrhosis, which carry risks of progression to portal hypertension and hepatocellular carcinoma (HCC). NASH is also associated with higher mortality from cardiovascular causes. Most of the data for NAFLD has been obtained from the perspective of developed nations, although the disease is increasing and threatening to reach epidemic proportions across the world. Emerging data is notable for high prevalence of NAFLD in South Asian populations, presumably resulting from a combination of underlying genetic polymorphisms and changes in socio-economic status. It is also notable that an 'Asian Paradox' has been defined for NAFLD based upon the observation of lower than predefined body mass index (BMI), otherwise termed as "lean NAFLD", among this population. Yet, data remains limited in regards to the characteristics of NAFLD/NASH in this population. In this article, we present a review of the literature and discuss the prevalence, associated risk factors and burden of HCC in South Asians with NAFLD. Citation of this article: Singh S, Kuftinec GN, Sarkar S. Nonalcoholic fatty liver disease in South Asians: a review of the literature.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is a major cause of chronic liver disease globally, and is characterized by a spectrum of steatosis, inflammation and fibrosis. Non-alcoholic steatohepatitis (NASH) is a more severe form of NAFLD, and is characterized by lobular inflammation and hepatocyte ballooning;
1,2 furthermore, NASH is presumed to lead to cirrhosis in a quarter of the afflicted patients.
The growth of NAFLD as an epidemic is related to increasing prevalence of obesity and sedentary life-style. The traditional risk factors for NAFLD include age, sex, central obesity leading to insulin resistance, and development of metabolic syndrome. Furthermore, genetic predisposition is also presumed to have a role, given the differences noted amongst different ethnic groups. 3, 4 In the United States, the prevalence of NAFLD is gradually increasing and is currently estimated to affect one-third of adults. [1] [2] [3] [4] [5] Moreover, NASH is predicted to be the leading cause of liver transplant in the coming years. Despite the growing prevalence, however, the treatment options remain extremely limited.
Until recently, NAFLD was believed to be a disease of the industrialized world, primarily related to sedentary life-style. However, a growing body of literature has highlighted NAFLD as a global epidemic. Studies have suggested a wide amount of diversity in prevalence based on country of interest. The average prevalence in Europe is 20-30% and in China appears to be 5-24%. 1, 5 In India, the prevalence is estimated to be between 16-32%. 5 This is believed to be due to the increasing industrialization of these nations, along with changes in lifestyle and diet. Furthermore, recent studies have also suggested that NASH/NAFLD can also affect seemingly non-obese Asians. 6, 7 This has come to be known as the 'Asian Paradox'-as a disease that is associated with high BMI in the Western world may not predict accurately the risk of developing NAFLD in the Asian world. [6] [7] [8] In this review, we look specifically at South Asians afflicted with NAFLD. South Asia is a growing epicenter for industrialization and changing life-styles, and also increasing prevalence of NAFLD. The South Asian region includes the countries of India, Nepal, Bhutan, Bangladesh, Sri Lanka, Maldives, Pakistan and Afghanistan. The available data from these regions remains limited. The importance of gaining a better and complete understanding NAFLD in this region is essential in view of its growing population and immigration to Western nations. In this review, we describe the prevalence of NAFLD in South Asians and further describe the NAFLD phenotype with respect to 'lean NAFLD' as well as the burden of hepatocellular carcinoma (HCC) in South Asia.
Asia", non-alcoholic liver disease and South Asia", "non-alcoholic steatohepatitis and South Asia", and "fatty liver and South Asia". Furthermore, we followed up this wide search for articles with a subsequent search using the terms "NAFLD" and individual countries comprising South Asia (i.e. Afghanistan, Bangladesh, Bhutan, India, Nepal, Maldives, Pakistan and Sri Lanka). Additionally, we performed an Embase database search for the period from 1980 to 2016 with the search terms "NASH and South Asia," "NAFLD and South Asia," "non-alcoholic liver disease and South Asia," "nonalcoholic steatohepatitis and South Asia," along with "fatty liver and Asia". The last terms used for this comprehensive search were "NAFLD and (Afghanistan, Bangladesh, Bhutan, India, Nepal, Maldives, Pakistan or Sri Lanka)."
The studies that were included in the review were those with diagnosis of NAFLD either by aid of ultrasound (US) or biopsy. We did not exclude studies based on study participants' age, degree of obesity, insulin resistance or diabetes (Type 1 diabetes or Type II diabetes). We also did not exclude studies based on type of center or geographical location (rural vs. cosmopolitan center, or tertiary referral center vs. community hospital).
Prevalence of NAFLD/NASH in South Asia
Several small population-based studies were reviewed, which provided estimates of NAFLD prevalence across South Asian nations (Fig. 1) . Most of the studies, though, were from India, with a few studies from the other nations. A caveat to consider is that the true prevalence of NASH is unclear, as diagnosis via biopsy is limited, with the majority of the data provided by US detection. Also, the studies did not always differentiate clearly between tertiary and non-tertiary centers, which can confound the data due to differences of availability of diagnostic testing. Of the few studies that utilized liver biopsy, there was estimation of prevalence in patients undergoing bariatric surgery at a tertiary care center 9 ( Table 1) . In these patients, the average BMI was 44. Not surprisingly, the prevalence of NAFLD was 65.7% in this population, with 33.6% having NASH and 14.1% having advanced fibrosis. 9 In Table 1 , we detail all the studies with the prevalence estimates. Some of the key findings from the articles show that NAFLD is a disease not only in more developed cities but also noted in rural areas. A study in the Indian state of Haryana, showed prevalence of NAFLD to be 30% in patients from rural villages reporting for US. 10 Similarly, another study also conducted in rural India last year showed that the prevalence of NAFLD in patients undergoing routine US was 28.1%.
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Also of note, NAFLD prevalence, even in non-diabetic patients, was found to be high, with an estimate of 24.7% in one study for an urban population. 12 Not surprisingly, the prevalence of NAFLD in diabetics was higher, with reported estimates of 57.2-87%. 13, 14 The study from Prasanth et al. 15 utilized review of histologic data and noted a prevalence of 62.6% for steatohepatitis, with 37% having fibrosis. The overall data, though, still remains variable, with another study conducted in a suburban population from two cohorts in established 'railway colonies' showing a prevalence of 16.6%. 16 In Bangladesh, a single published study conducted in a tertiary care liver clinic estimated a prevalence of 42.4% of biopsy-proven NASH cases. 17 In comparison to this, a rural study in Bangladesh showed overall prevalence of NAFLD to be 18.4%. 18 This either may highlight an underestimation in the rural setting (likely due to the methodology of detection) or an overestimation in tertiary clinic (likely due to referral bias). It is worth noting that a study in London amongst the immigrant Bangladeshi population appeared to show an increased susceptibility to developing NAFLD as compared to Caucasians. 19 NAFLD was also noted to be more common in diabetic Bangladeshis, with a high prevalence of 59.4%. 17 Further future studies are needed to understand underlying potential genetic risk in this population for developing NAFLD.
Data from an urban tertiary care center in Pakistan for Type 2 diabetic patients assessed by US showed an overall prevalence of NAFLD of 72.4%. 20 Another study, though conducted in an urban setting in Pakistan, noted a prevalence of 51% NAFLD in Type II diabetics. 21 In a study carried out in rural Sri Lanka, NAFLD was noted to be prevalent, at 18%. 22 Again, as noted in other studies, a different study in an urban setting also showed a higher prevalence of 32.6%. 23 We did not find any studies in our search with regard to NAFLD prevalence in the other South Asian nations. Nonetheless, it appears that NAFLD is a global epidemic with increasing prevalence in South Asia.
What are the risk factors associated with development of NAFLD in South Asia?
The risk factors for NAFLD in South Asia appear to be similar to those in the Western world, with some subtle differences. Age, obesity, insulin resistance, and overall development of metabolic syndrome are the major risk factors. Furthermore, certain dietary habits were also associated with NAFLD in India, which included non-vegetarian diet, fried food, spicy food and tea. 15 A similar study revealed higher prevalence of all components of metabolic syndrome in NAFLD patients. 10 Finally, there are also non-modifiable risk factors associated with south Asian NAFLD that are related to genetic and epigenetic variations, such as in single nucleotide polymorphisms (SNPs). 26 Interestingly, multiple studies from South Asia also reveal the early-onset of NAFLD, with average age in the 40s, and a male predominance in this region. South Asian NAFLD phenotype and "Lean NAFLD"
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The South Asian phenotype of NAFLD appears to differ from that which is presumed in developed nations. South Asian patients that present with NAFLD appear to have lower BMI and obesity rates. 7 Despite this, the prevalence of NAFLD is significant on this sub-continent. This observation has come to be known as the 'Asian Paradox'. This phenomenon is hypothesized to be related to ethnic disparities in visceral fat distribution. 27, 28 In fact, computed tomography imaging studies evaluating distribution of fat in South Asians has found both subcutaneous and total adipose tissue to correlate with pathological severity of NAFLD. [31] [32] [33] This has also led to concerns regarding the use of nomenclature broadly to define obesity, which may not be accurate in the South Asian population. In fact, the average BMI in South Asian patients is only ;26 and does not reflect the true risk of developing NAFLD (Table 2) . [24] [25] [26] [27] [28] There is further implication, as even non-obese NAFLD has been shown to be an independent risk factor for coronary artery disease in this population. [34] [35] [36] Hence, it is important for clinicians to be aware that Asians with lower BMI are also at increased risk of cardiovascular and metabolic diseases. Additionally, these patients develop insulin resistance despite having lower BMI as compared to western patients and subsequently are still high risk of developing NAFLD. 37 
Implications for burden of HCC in NAFLD patients in South Asia
HCC remains one of the most common causes of cancerrelated deaths in the South Asian sub-continent, with NAFLD/ NASH presumed to be the cause of a major portion of the inciting disease. [38] [39] [40] [41] [42] Data from GLOBOCAN 2012 showed that 782,000 new cases of HCC were reported that year, with 83% of those being in the developing world. 43 Unfortunately, epidemiological studies on incidence of HCC in the AsiaPacific remain limited. By 2030, it is projected that China and India will have the highest burden of diabetes, with 4 of the 10 countries with the highest prevalence of diabetes also being in Asia (namely Indonesia, Pakistan, Bangladesh, and the Philippines). 44 Since diabetes has a known association with NAFLD and NASH, the increasing rates of this disease will also have implications on development of HCC.
Longitudinal studies on the natural history of NAFLD in South Asian countries are lacking, but studies from the western countries clearly point to fatty liver progressing to cirrhosis and HCC. 45, 46 It is then worrisome that a similar phenomenon may take place in Asia. True incidence of NASH leading to HCC is further difficult to ascertain given the relatively long duration from diagnosis of NAFLD to development of NASH. 46 From longitudinal studies performed in the West, it has been shown that rates of HCC from NASH are similar to those of HCC from infection with the hepatitis C virus (HCV). 46 As of yet, the only longitudinal study that has been published on an Asian population is out of Japan. Yatsuji et al. 47 showed that the 5-year occurrence rate of HCC in patients with NASHrelated cirrhosis and patients with HCV-related cirrhosis was not statistically different. Amongst available data from the South Asian nations, India has some of the highest rates of NAFLD, and it is possible to roughly estimate rates of NASHassociated HCC from numbers from similar studies. India is estimated to have ;120 million people with NAFLD, 42 31% of those patients with demonstrated NASH on histology 48 (i.e. ;37 million individuals with NASH).
From studies in Western nations, it has been proposed that ;10% of NASH patients 39, 49 will go on to develop cirrhosis (i.e. ;3.7 million individuals). Of them, ;25% of NASH cirrhotics may go on to develop NASH HCC, 49 representing almost 1 million patients in India with NASH-related HCC. 33 Mahady et al. 48 estimated the prevalence of HCC in another unique way, by utilizing data on the prevalence of diabetes to estimate prevalence of NASH and HCC. Sixtythree million Indians are proposed to have Type 2 diabetes, with 70% having NAFLD (44 million). [50] [51] [52] Nearly a third are proposed to have NASH (i.e. 13 million). It is projected that 5% of those with NASH (i.e. ;650,000) may develop HCC. 48 The studies on prognosis for NASH-related HCC in South Asia are also limited, and to date only studies from Japan exist. The 5-year recurrence rate of NASH HCC as compared to HCV-related HCC were not statistically different. 53 This differed from a recent USA-based study, where it was found that patients with NASH HCC had better survival rates as compared to those with HCV HCC. 54 Visceral, rather than overall, body fat has been seen to correlate with occurrence of HCC. 55 Visceral body fat is related to the degree of inflammation and fibrosis in NASH. The pro-inflammatory environment can impact the liver and other tissues 48 and patients with more visceral fat had higher rates of HCC recurrence. 56 This is particularly important in South Asia, given the higher rates of visceral body fat as related to their Western counterparts. 38 
Conclusions
To conclude, NAFLD is a growing epidemic and is not limited to the Western world. Emerging data notes a high prevalence of NAFLD in the South Asian population. This is likely related to changes in dietary modification from industrialization and development of metabolic risk factors for this disease. Notably, the prevalence of NAFLD is increasing in the South Asian population and there appears to be a male predominance. This population also appears to be predisposed to developing this disease earlier, compared to the Western population. Interestingly, BMI does not fully appreciate the risk of developing this condition in the South Asian population, due to variation in ethnic distribution of adiposity. With the increasing prevalence of NAFLD in this subcontinent, it is becoming clear that it will contribute to increasing incidence of HCC as well, and further population-based studies are needed to understand the risks that may serve to inform future public health initiatives. 
